Abstract -Comparison of cranial and external characters of 212 ricefield rats Rattlls argell!ivellter (Robinson and Kloss 1916), by univariate and multivariate statistical analyses, was carried out on specimens from Thailand, Malaysia, and Indonesia (Sumatra, Kalimantan, Java, Bali, Lesser Sunda, Sulawesi and Irian Jaya). These comparisons indicate that ricefield rats from Thailand to Irian Jaya fall into four groups: a Java group (Thailand, Malaysia, Sumatra and Java), a Bali-Sulawesi group (Bali, Sulawesi, Lombok, Sumbawa, Adonara, Sangeang, Rinca, Flores, Lembata, Aim, Timor and Tanimbar Islands); a Sumba group (Sumba Island) and a Kalimantan group (Kalimantan Island). The specimen from Irian Jaya was placed in the Java group. The taxon from Kalimantan is described as a new subspecies, R. a. kalimalltall.
INTRODUCTION
Recent reappraisal of the mammalian fauna of the Lesser Sunda and Sunda Islands has led to a dramatically different view of the biogeographic boundaries in the Oriental and Australian regions from the traditional ones based on Wallace's and Weber's lines (Kichener et al., 1990; Kitchener and Maryanto, 1993; Kitchener et aI., 1995) . The Indonesian archipelago presents unique opportunities to study morphological variation. Comprehensive re-evaluation of morphology in many cases resulted in the discovery of new species and subspecies. In Indonesia such re-evaluation has been conducted, for example, in bats, rodents and primates (Kitchener and Maryanto, 1993; Maryanto mainland Southeast Asia north of the Isthmus of Kra and from the Phillipine islands have not been examined as part of this study.
MATERIALS AND METHODS
A total of 212 adult specimens (see Appendix 1) were studied. The specimens were collected from Thailand, Malaysia, Sumatra, Kalimantan, Java, Sulawesi, Bali, Lombok, Sumbawa, Sangeang, Flores, Adonara, Lembata, Alor, Sumba, Timor, Tanimbar, and from lrian Jaya (Figure 1 ). All specimens studied are in the collection of Museum Zoologicum Bogoriense (MZB), the Western Australian Museum (WAM) and the Raffles Museum, Zoological Reference Collection, Singapore (ZRC). A specimen was judged to be adult if both the basioccipital/basisphenoid and basisphenoid/presphenoid sutures were fused. Twenty-five measurements of skull, dental and dentary characters and four external characters were measured with calipers to 0.01 mm. The skull characters used were: BB, bulla breadth; BH, bulla height; BL, bulla length; BOZP, breadth of zygomatic plate; BS, braincase breadth; CBL, condillo basal length; GSL, greatest skull length; HB, braincase height; IFB, incisive foramen breadth; IL, incisive foramen length; 10, interorbital breadth; LOO, length of diastema; LOP, length of palatal; MIW, upper molar 1 width; MIMl, upper molar 1 to molar 1; M2M2, upper molar 2 to molar 2.; M3M3, upper molar 3 to molar 3; MSF, mesopterygoid I. Maryanto fossa width; NB, nasal width; NL, nasal length; DL, dentary length; POW, post orbital width; RAP, ramus angular process; TR, upper tooth row; ZB, zygomatic width. The external characters were HBL, head and body length; Tt, tail length; E, ear length and HF, hind foot length. The complete character measurements are shown in Figure 2 . The pelage descriptions follow the color terminology of Konerup and Wanscher (1983) .
The statistical analyses were run in two steps, univariate analysis and multivariate analysis, as described in Maryanto and Sinaga (1998) . Sexes were analyzed separately, as were the skull and external characters. Discriminant Function Analysis (DFA) was initially run for all characters and with all islands as separate groups for island groups. Islands with fewer than four specimens were treated as unallocated island groups. The DFA was then run for a subset of five or more skull characters, based on the criteria of minimized Wilk's lambda to select the best discriminating variables results obtained with the reduced character set were very similar to those based on all characters (Kitchener et al. 1993) 
RESULTS AND DISCUSSION

Univariate statistics
Mean, standard deviation, minimUm and maximum values and sample size are presented in Table 1 . These suggest that, except for IFB, MSF, 95°105°115°125°135°1 5°.----------r--------r--------.--------,......-----~15°-
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igure 1 Localities of Rattus argentiventer specimens used in this study. 
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Multiple regression Multiple regression analysis was employed to M3M3. Furthermore nearly all characters in males from Sumba were smaller than in females except for GSL, NB, and IFB; and lastly nearly all characters in males from Kalimantan were smaller than in females except for E, HF, MSF, BH, and M1W ( M 2 M2 and M 3 M3, all skull characters in males were slightly larger than in females. Furthermore, the averages of males and females from each group showed that the characters showing sexual differences differed in different groups. For example: The characters in males from Java were slightly larger than in females; nearly all characters in males from the Bali-Sulawesi group were larger than in females, except for 10, MSF, and M1M 1 _ 
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Figure 3 Plot of the female Canonical variate on the following island group populations; • Java group (Thailand, Malaysia, Sumatra, and Java) determine the influences of sex, age, localities and the interactions between these factors. All localities were included in the analysis (Malaysia, Sumatra, Java, Kalimantan, Sulawesi, Bali, Lombok, Sumbawa, Sangeang, Flores, Sumba, Adonara, Lembata, Alor, Timor, Tanimbar and lrian Jaya).
The results are presented in Table 2 .
Sex
Sex by itself had no significant effect at P<O.05 on any individual character.
Age
Most variables showed a significant influence of individual age; exceptions were NB, TR, IL, MSF, BB, RAP, MIW and MIL (P<O.05).
Locality
A locality is generally an island, except that the mainland Southeast Asian population is treated as a single locality (Malaysia) . The variables ZB, NB, 10, IFB, BH, MIW, BS, LB, and TL, were significantly influenced by locality. 
Interaction
The variables ZB, CBL, M 3 M3, LB at P<0.05 and RAP at P>O.01 were significantly influenced by the interaction between locality and age. The characters 10, LOP, IFB, LOO and LB (P<0.05) were significantly influenced by the interaction between locality and sex. Except for head and body length (P<0.05) there was no significant influence between age and sex (P>0.05). No variable showed a significant interaction between all three factors.
Multivariate analysis
The regression analysis showed that age strongly influenced many of the skull, dental and dentary characters, either individually or through interactions with sex or locality. Consequently the multivariate analysis was based on fully adult specimens as judged from basicranial fusion.
Although there is little interaction between sexual dimorphism in R. argentivelltL>r, a total of five characters (LB, la, LOP, IFB and LOO) showed a significant difference between sex and locality. For this reason, discriminant function (canonical variate) analysis was performed separately for males and females.
Females
An initial OFA was run using skull, dental and dentary characters and all locations. Because the number of characters employed in this analysis exceeded the sample size of the smallest group (Sumba, N=9), the OFA was repeated using a reduced set of seven characters in order to avoid over fitting the data . The seven characters were selected by minimizing Wilk's lambda on the first canonical variate. ll1e OFA plot was based on seven characters similar to that based on the complete character set. The seven characters in the OFA were 10, BH, BOZP, BS, M3M3, NB and MSF. This analysis extracted three significant functions, which together accounted for l00'X) of the variation. Discriminant Functions (OF) 1, 2, and 3 accounted for 63.02'1'0, 24.60%, and 12.38°1<) of the variation between populations respectively (Table 3) . Each of the functions was highly significant OFl (X 2 =200.411; df=21; P=O.OOOOI), OF 2 (x:'=91.305; df=12; P=O.OOOOI) and OF 3 (x:'=33.432; df=5; P=O.OOOOI). Reclassification of cases resulted in a correct allocation of 95.3'X) to localities 
Taxonomic status of the ricefield rat, Rattus argclltivclltcr
Three of the seven characters (BOZP, 10 and NB) loaded heavily on OF1 (>0.5). These are evidently major characters, which display regional heterogeneity in populations of [~. argelltivellter in Indonesia. The OFA coefficients from this analysis are given in Table 3 .
The configuration of OFA plots suggest that the ricefield rat contains four major morphological subpopulations (Figure 3) . These are 1, a Java group (Thailand-Malaysia-Sumatra and Java); 2, Kalimantan; 3, a Bali-Sulawesi group (Bali, Lombok, Sumbawa, Sangeang, Komodo, Flares, Adonara, Lembata, Alar, Timor, Tanimbar and Sulawesi) and 4, Sumba. A bivariate plot between OFl and OF2 shows that the Java group is separated from the Kalimantan, Bali-Sulawesi and Sumba groups on OF1 (Figure 3) . A plot of OF2 against OF3 shows good separation of each of the Kalimantan, Sumba and Bali-Sulawesi groups. A single specimen from Irian Jaya, which was unallocated in the DFA falls within the Java group (Group 1). The Sulawesi population falls within group 3. A total of 94.2% of individuals in the Java group were correctly reclassified, with 5.7'10 (3 individuals) misclassified as Kalimantan. In the Bali-Sulawesi group, 94.3% of individuals were correctly reclassified with 2 individuals (2.9%) misclassified, one to each of the Java and Kalimantan groups. Finally, 100% (9 specimens and 10 specimens) of individuals from each of Sumba and Kalimantan were correctly reclassified. =54.464; df=8; 1'=0.00001 and OF 3 XL=9.553; df=3; 1'=0.022). The characters which loaded most heavily (>0.5) on OFl were 10, MIMl and NB.
The percentage of individuals correctly reclassified was 87.95%. In the Java group 91.5% of individuals were correctly reclassified with only 4.3% (2 individuals) misclassified to the Sumba group, and 4.3% to the Bali-Sulawesi group. A total of 66.7% of the individuals from Sumba were correctly reclassified with 33.3% (2 individuals) misclassified to the Bali-Sulawesi group. In the BaliSulawesi group, 88% of specimens were correctly reclassified with 4% (1 individual) and 8% (2 individuals) misclassified to the Java and Sumba groups respectively. Finally, 80% of individuals from Kalimantan were correctly reclassified with one individual misclassified to the Java group.
The Scatter plot between coefficient canonical 1 and 2 showed that the Java group was separated from the Sumba and Kalimantan groups (Figure 4 ). This bivariate plot also indicated that the Kalimantan individuals were separate from those in the Java, Bali-Sulawesi, and Sumba groups. Furthermore, individuals from Sumba were not clearly separated from those in the Bali-Sulawesi group. -25.078 -20.127 -15.232 Males A OFA for males was run initially for the full set of 24 skull and dentary characters for all islands. However, because the sample size of the smallest groups (Kalimantan and Sumba) was 5 and 6, the analysis was repeated using a reduced set of five characters (BS, 10, NB, NL and MIM1) selected as for the female analysis.
Constant
The five characters selected by minimizing Wilk's lambda on the first canonical variate were 10, NB, MIMl, 8S, and NL. Three of those variables were Rattus argentiventer argentiventer Robinson and Kloss, 1916 Rattus rattus braivicaudatus Horst and Raadt, 1918 Rattus rattus c1wseni Sody, 1941 Holotype British Museum (Natural History) 19.11.5.89
Type locality Pasir Ganting, west coast of Sumatra Diagnosis Robinson and Kloss (1918:55) described R. a. argelltivellter as dorsally coarsely streaked, blackish and warm buff, grayer on the sides and limbs. The under parts are not clearly margined and are clad with fur having gray bases and white tips producing a general silvery effect, except on the throat, which is white. A scarcely indicated buffy median stripe is present on the chest. The feet are parti-colored: tail brown throughout. This description serves equally for specimens from Thailand to Java. The skull of the typical form is distinguished from that of the other subspecies by the combination of a narrower interorbital region and narrower rostrum ( Figure Sc) .
Distribution
Thailand, Malaysia, Sumatra, and Java, possibly extending to Vietnam, Cambodia, Laos. Figure Sa) . The nasal breadth females of R. a. kalimantanensis is generally larger relative to zigomatic breadth of R. a. argentiventer ( Figure Sb) Etymology Named after the location on which the specimens were collected.
Rattus argentiventer kalimantanensis
Pelage
Ventral fur with yellowish white tipping and base pastel gray to light gray; chest yellowish gray. Dorsum light brown on the tip and dark gray to purplish gray on the base, with sparse mixture of yellowish gray hairs. Forefeet grayish brown to yellowish brown, hindfeet grayish yellow to light blond. Males differ from R. a. argentiventer, in averaging slightly larger in all skull characters except LOO, RAP, M1Mt, M2M2, M3M3, ZB, HB, 10, and BOZP. Females differ from R. a. argentiventer by averaging slightly larger except for IFB. Sody (1941) in describing saturnus, distinguished it only from bali, the taxon that applies to R. argentiventer from the Island of Bali. He noted that the differences between the two taxa were the length of tail relative to length of head and body and length of toothrows. Description Musser (1972) described Ra. saturnus as having coarsely salt and peppered yellowish brown upper parts and silvery gray under parts as contrasted to the solid brown upper parts and creamy or buffy brown underparts of 1\. rattus. Juvenile and young adults have yellowish orange ear tufts that contrast conspicuously with the color of the head.
Distribution Sumba Island
Rattus argentiventer pesticulus Thomas, 1921 Rattus rattus bali Kloss, 1921 Rattus argentiventer bali Kloss, 1921 Thomas (1921) described R a. pesticulus from the Sulawesi type specimen as fur thin and coarse, not definitely spinous. General color above dull reddish brown, sides rather grayer, under surface sharply defined white, the hairs on the throat with gray bases. Hand and feet white. Tail of medium length thinly haired, light brown, almost white basally. The color variation with Bali specimens that are described by Kloss (1921) as dorsally grizzled ochraceous tawny and brownish black, below creamy white often with traces of a median grey stripe. Forefeet brown, hind feet white, broadly brown mesially. Skulls robust with rather short broad rostrum, broad palatal foramina and large bullae.
Distribution
Bali, Lombok, Sumbawa, Sangeang, Komodo, Flores, Adonara, Lembata, Alor, Timor, Tanimbar and Sulawesi DISCUSSION Although Chasen and Kloss (1928) believed specimens of the ricefield rat from Kalimantan to be 61 identical to typical R. argentiventer from Sumatra, the present analysis has shown that these populations are quite distinct on skull morphology. Differentiation on external characters is less pronounced with poor discrimination between these populations based on external measurements; typically less than 50% of individuals could be correctly classified. One external feature that does distinguish the population from the others is the more yellowish ventral surface due to an increased number of ventral hairs with yellow tips in Kalimantan specimens. This taxon is undescribed. At present it is best referred to as the "Kalimantan Population" of R. argentiventer. Musser (1973) argued that individuals from Sumba closely resemble those from Bali and allied these populations to those found further east on Lombok, Sumbawa, Komodo, Rinca, Flores and Timor. In the present analysis female specimens from Sumba are distinct from all other populations. In contrast, males from Sumba show overlap with other groups. I consider that R. argentiventer from Sumba are sufficiently distinct to warrant subspecies status as Ra. satuntus Sody, 1941. Specimens from Sulawesi appear from this analysis to be referable to Bali, Lombok to Timor and the Tanimbar Islands group. Musser (1973) considered R. argentiventer to be recently introduced to Sulawesi and this is supported by my findings. Thomas (1921) described specimens from Sulawesi collected 1908 by Dr. Mohari from Manado as Rattus pesticulus In the same year he redescribed Rattus pesticulus. Musser (1973; 1977) considered R. pesticulus to be a junior synonym of R. argentiventer. Also in 1921 Kloss described R r. bali. Laurie and Hill (1954) considered that R r. bali was a synonym of R. argentiventer as did Musser (1973) . The specimens included in this study from Lombok were referred to R. argentiventer bali by Kitchener et al. (1990) . Since my analysis indicates that the Sulawesi population is indistinguishable from those from Bali, Lombok, Sumbawa-Timor and Tanimbar Islands then two names become available for this taxon: R. bali and R. pesticulus. Thomas described Rattus pesticulus twice, once in May 1921 (Thomas 1921a ) and once in an undated volume of Treubia in 1921 (Thomas 1921b) . In the same volume of Treubia, but with a later pagination, Kloss described R. bali. The earlier page number for R. pesticulus gives it nomenclatural priority over R. bali, thus fixing the subspecific name for the R argentiventer rats of Bali, Lombok, Sumba, Timor and the Tanimbar Islands as R. a. pesticulus (Thomas, 1921) .
Specimens from Java, Sumatra and Thailand could not be separated in this study. This supports the view that R. a. brevcaudatus (Horst & de Raadt) from Java and R. a. chaseni (Sody) from Malaysia are identical with typical R. argentiventer. pesticulus. This is quite possible since the port at Tanah Merah has been used by navigators and trading vessels for centuries as a safe anchorage (Flannery 1990) .
A major limitation to examining the morphological differences between populations of R. argentiventer is the marked variation related to individual age. In the present study it was necessary to separate juveniles and subadults from mature animals and to exclude the younger individuals from the analysis. Furthermore it was necessary to analyse males separately from females. For these reasons, it has proved impossible to provide concise diagnoses for the various morphologically distinct subspecies of R. argentiventer I have recognised on morphometric grounds. Kitchener and Suyanto (1996) discussed a similar pattern of morphological variation for a range of mammal groups in Indonesia. They concluded that the geomorphological and climatic diversity within the Indonesian Archipelago has provided an ideal setting for complex evolutionary processes leading to morphological change. They further suggested that many of these morphological changes might be of relatively recent origin. This observation is particularly pertinent in the case of taxa such as R. argentiventer, which may have expanded its geographic range in parallel with the spread of rice agriculture over the last few thousand years. An analysis of genetic markers will be needed to fully elucidate some of these recent evolutionary events.
